Despite widespread awareness of the rise of non-communicable diseases (NCDs) and the growing threat of climate change, little research has explored future health outcomes that will occur at the intersection of these challenges. Ten Barbadian health professionals were interviewed to assess their knowledge of health risks of climate change as it relates to NCDs in Barbados as a case study of a small island state at risk. There is widespread concern among health professionals about the current and future prevalence of non-communicable diseases among Barbadians. There is less concern about the future burden of NCDs in the context of a changing climate, largely because of a lack of knowledge among the majority of the health experts interviewed. Those knowledgeable about potential connections noted the difficulty that climate change would pose to the prevention and management of NCDs, given the impacts of climate stressors to food security, the built environment, and physiological and psychosocial health impacts. Lack of awareness among health professionals of the risk climate change poses to NCD prevalence and impact is reflective of the country's health priorities that fail to recognize the risk of climate change. We recommend efforts to disseminate information about climate change to stakeholders in the health sector to increase awareness. of direct and indirect health and wellbeing impacts of climate change [4] [5] [6] [7] . Impacts include loss of life and injuries; heat related illnesses; a proliferation of food-, water-and vector-borne diseases; food insecurity and undernutrition; loss of livelihoods and cultural identities; and forced migration [4] [5] [6] [7] . The health impacts of climate change are associated with climate stressors like rising temperatures, changing precipitation patterns, and increases in the frequency and intensity of extreme weather events [6] . Projections from the World Health Organization (WHO) hold that between 2030 and 2050, there will be approximately 250,000 additional deaths caused by climate change, resulting in between USD two to four billion dollars in direct cost to health a year by 2030 [8] . At risk of loss are the strides made in development and global health over the past fifty years [4] .
Introduction
Humans are living in a world of unprecedented environmental, technological and social changes, occurring at rapid spatial and temporal scales. These changes contribute to some of the great global health challenges the world is facing. Among these challenges, 'air pollution & climate change' and non-communicable diseases (NCDs) are considered to be two of greatest threats to human health and wellbeing [1] . Barbados, like many other small island developing states (SIDS) in the Caribbean, faces the dual burden of climate change impacts and an increasing prevalence of persons living with non-communicable diseases. This article adds to the small body of the literature on health impacts of climate change in the Caribbean, specifically focusing on potential connections between NCDs and climate change.
Decades of research have established that anthropogenic climate change-linked to widespread human activity over the past five decades-poses a risk to natural and human systems [2, 3] . One area of marked concern is the effect climatic changes will have on human health and wellbeing. As noted by the 2009 Lancet Commission, climate change is "the greatest threat to global health of the 21st century" [4] . Several key publications have been instrumental in bringing attention to the range to provide food for growing populations and meat intensive diets are associated with high methane emissions [2] . Economic development has also changed the way people move from place to place, eschewing healthier modes of transport like walking and cycling in favor of vehicular modes of transport that contribute to carbon emissions. Recognizing these connections is important as it lends credence to compelling arguments that speak to the potential for co-benefits, the redirection and optimization of resource use, and it brings attention to the compounding effect climate change and NCDs may have on population health.
Study Context
The research described in this paper responds to the need for place-specific studies that consider the particular needs of vulnerable populations. It explores attitudes and knowledge of public health professionals involved in combatting the prevalence of non-noncommunicable diseases in Barbados, on the relationship between non-communicable diseases and climate change.
Barbados is the easternmost small island developing state in the Caribbean, with a land area of 430 km 2 and a population of 277,821 [26] . In the post-independence era, significant strides have been made to improve the health of its population. For instance, the country has reduced the burden of infectious diseases, parasitic diseases and nutritional deficiencies to the point that the epidemiologic profile of the country is more reflective of a developed country [27] . Barbados has made a commitment to provide universal healthcare access to all its population. This commitment has been met with an increase in the quality of health care services across the country made possible with a range of supporting infrastructure to ensure health care is widely accessible [27] .
Advancements in health in Barbadians are closely tied to the socio-economic development of the country. However, that has also brought along its own set of challenges, that being the increasing prevalence of chronic lifestyle diseases. Like many Caribbean countries, Barbados suffers with high rates of NCDs and the associated risk factors [27] [28] [29] [30] [31] . One quarter of all adults in Barbados have a non-communicable disease (e.g., cardiovascular diseases, diabetes, chronic respiratory diseases, cancers), with rates projected to be one in three by 2025, another one quarter are at risk of developing a non-communicable disease [29] . These diseases have been estimated to account for 83% of all deaths in the country [9] . A national survey conducted in 2007 found that 44% of the population reported having at least three risk factors (e.g., alcohol use, tobacco smoking, overweight/obesity and high blood pressure) for developing a non-communicable disease [29] . Further, a 2012 report showed that when maternal and child health are excluded, 80% of visits to community polyclinics in Barbados were for NCD related issues [31] . These diseases are costly to the country. Direct costs include government expenditure on prevention and management of NCDs, the loss of human lives, the household/individual financial burden of medical care, and private sector and non-health sector expenditure [32, 33] . The indirect costs include loss of productivity of the workforce due to absenteeism and presenteeism, decreased human capital when workers can no longer partake in the workforce due to their chronic disease, and loss of income and time lost to caretaking responsibilities at the individual and household level [32, 33] . Along with the burden from NCDs, Barbados by virtue of its geographic location, physical characteristics, climatic conditions and development challenges, is vulnerable to a range of climate change stressors; these include sea level rise, increased frequency of drought conditions or heavy rainfall events, and greater intensity of extreme weather events like tropical storms and hurricanes [34] .
Objective
To explore the knowledge and attitude of health professionals across multiple scales on (1) the current and future burden of non-communicable diseases in Barbados and (2) possible connections between climate change stressors and non-communicable diseases.
Theoretical Framework
Through a political ecology of health (PEH) lens, this study explores the burden of NCDs and the potential connection between climate stressors and NCDs. PEH builds on theoretical conceptualizations of political ecology to situate issues of health and wellbeing within interconnected political, economic, cultural, social and ecological systems. This framework interrogates how these systems shape health outcomes though the spread of disease and the decision-making opportunities accessible to populations [35, 36] . Mayer notes that within political ecology and economy, that recognizing "context" is key to understanding the phenomena under study. The various systems within which health-affecting decisions are made and health outcomes are produced are context-dependent and should be studied as such to best understand and prepare for health outcomes affected by climate change [36] .
Political ecology of health also recognizes that while the setting of research may be local scale, multi-scalar analyses are needed to illustrate how local health outcomes are shaped by policies or institutions at various scales [36] . This is apt for the Caribbean, where the successes of local public health policies in countries of the Caribbean Community (CARICOM) have been driven by health priorities set at the regional level through a regional integration process [37] . Furthermore, these regional priorities are linked to the agendas of expert international health organization like the WHO and Pan-American Health Organization (PAHO).
Additionally, the PEH framework assists in explaining how diseases are understood and represented by institutions and how these discourses may align or conflict with local understandings [35] . King notes that these discourses are essential to uncovering inequalities in the distribution of power [35] , which in turn has implications for access to resources, opportunities and information (adaptive capacity). While this study does not explore the understandings and perceptions of local populations, data from this research would be beneficial for future comparisons and analyses that incorporate these perspectives.
Methods

Research Design
The research reported herein is part of a larger study that takes the form of a qualitative case study of Barbados, guided by a political ecology of health framework. Steps from the Vulnerability and Adaptation (VA) assessment guidelines from the World Health Organization, were used to inform the research design for this part of the study. The purpose of the VA guidelines is to provide a framework that can be used to asses current and future burdens of disease given the threat climate change poses to the health of populations [38] . Steps from Stage 1 and 2 of the VA assessment guidelines were implemented in this study: framing and scoping the assessment, assessing current and future health burdens of NCDs and exploring projected health impacts of climate change on NCDs. Stage 3 of the guidelines-managing and monitoring risk-is beyond the scope of the current research.
Following the prescriptions outlined in VA guidelines, the study utilized key informant interviews with public health professionals (n = 10) from the community, national and regional levels; some participants operate across multiple levels. Participants were selected from organizations that interact with persons living with non-communicable diseases or persons at risk of developing a non-communicable disease. Their roles include the prevention or management of NCDs, improving health literacy or the provision of technical assistance to organizations involved in these roles (Table 1) . Participants were selected for their knowledge of the current burden of NCDs, the policies and strategies that have been implemented to control the burden of NCDs, success and failures to-date, the insight into the consideration given to climate change on NCD agendas and to the possible additional burden of adverse health outcomes due to climate change. Community health professionals were deemed as those who provide health care services directed towards a single community and those operating at the national level provide services for the entire population of the country. Health professionals at the regional level were considered to be those who work with organizations where the organizational structure extends beyond the bounds of Barbados to include neighboring countries in the Caribbean.
The study received ethical clearance from a University of Waterloo Ethics Research Committee (ORE #: 22439). 
Participant Recruitment
Key informants for this study were identified through internet searches of directories for Barbadian non-governmental-health organizations, a search for governmental health contacts in the national telephone directory and social media profiles of local health businesses and organizations. Potential participants were sent a formal recruitment letter via email, and the letter described the study's objectives and methods, issued an invitation for their participation, and outlined the confidentiality measures and procedures for informed consent. Others were contacted by telephone using a prepared script that contained the information in the recruitment letters; interested participants were sent the recruitment letter in a follow-up e-mail. Finally, using the snowball sampling technique, other participants were identified during interviews with key informants. Fifteen people were invited to participate in the study; eleven initially agreed to participate and ten were interviewed. Three attempts were made to interview one individual but we were unable to complete that interview due to schedule conflicts. Four people declined to participate; they offered that while the study seemed important, they could not offer any insight to the topic due to their lack of knowledge of climate change, and identified other participants they believed would be more suited to the study. Recruitment was deemed to be complete based on the inclusion of representatives from all levels of analysis (community, national and regional). Furthermore, we conclude that we had reached data saturation when key informants could offer no new insights, and they all identified potential participants who had already been contacted for the study. We posit that the insight from the key informant that was unable to participate due to scheduling conflict was not entirely lost from the study; the reasoning behind this is that one of the key informants interviewed was responsible for the establishment of the governmental department which that person would have represented and still continues to play a key role in that office.
Data Collection
Interviews with key informants followed a semi-structured format using a standardized interview guide (Appendix A). Participants were allowed leeway in the interviews provided that their discussion remained within the scope of the research objective. The interview questions ranged from descriptive (e.g., role of the interviewee in their organization, research related to climate change they have conducted) to storytelling (e.g., how their work on NCDs has changed overtime and how it fits within the mandate of their organization) to opinion questions (e.g., is there a strong awareness of the links between climate, NCDs and wellbeing among the public and policy makers). Interviews lasted between 35 and 60 min and key informants were interviewed at their place of business. All interviews were audio-recorded for transcription at a later date to ensure accuracy of the accounts.
Analysis
Audio-reordered interviews were transcribed verbatim with permission from informants and thematically coded using the Nvivo12 (QSR International, Melbourne, Australia) qualitative analysis software program. A coding manual grounded by the literature, theoretical framework and interview guide was initially created and applied to two randomly selected interview transcripts by the lead researcher. This coding manual was revised during the initial test application as additional themes emerged from the data. The coding template was re-applied to two randomly selected interview transcripts by the lead researcher and reviewed by a second coder to qualitatively assess the level of agreement on emergent themes. Disagreement on emergent themes were used an as opportunity to further hone the codes, but generally, coders were consistent in the identification of themes from the data.
Other measures used to reduce researcher bias during the research process were introduced during the interview process. The lead researcher ended each interview by restating the main ideas that emerged and sought confirmation from respondents that these ideas were accurate. Respondents were also offered the opportunity to follow-up with the researcher if they wished to add any information or clarify anything they said. This was done to provide an avenue for respondent validation; one participant followed up email to clarify a point they had made during the interview and another followed up to provide sources for statistics they quoted.
Results
Key informants were asked a range of questions about health challenges in Barbados, of which non-communicable diseases was the priority issue identified. The discussions with participants can be classified under three broad themes: current burden of noncommunicable diseases, future burden of NCDs and potential climate change-NCD connections.
Current Burden on Non-Communicable Diseases in Barbados "Well right now I think that the number one problem in Barbados in terms of health issues are chronic non-communicable diseases." -HP3, Doctor
When asked what they considered to be the greatest health challenge in Barbados, all but one key informant stated that chronic non-communicable diseases or issues related to those diseases were the major health issues they encounter in their respective professions. Health professionals expressed concern about the high prevalence of these diseases given how largely preventable they can be; complications related to undiagnosed/untreated/poorly managed NCDs; state health care spending necessary to provide free or subsidized care to its citizens; and the economic and social burden to the Barbadian society (Table 2 ). 
Issues Associated with the Burden of Non-Communicable Diseases
"Four chronic diseases were identified as the chronic diseases of importance: cardiovascular disease, cancer, diabetes and chronic lung disease. And these four were identified for essentially two reasons. First of all, they accounted for some 80% of all of the deaths in the Caribbean. And also, they all for the most part, shared the same risk factors for their development . . . Even though we recognize that there are many, many other chronic diseases." -HP6,
Head of the Board of Directors of the Civil Society Health Non-governmental organization (NGO)
Respondents were asked which NCDs specifically they considered to be of greatest concern. Responses included various forms of cancers, diabetes mellitus, cardiovascular diseases (e.g., strokes), and metabolic risk factors such as overweight/obesity and hypertension ( Table 2) . Among these responses, the top two concerns were diabetes and hypertension. Predictably, the diseases reported by health professionals are all on the list of top non-communicable diseases responsible for ill-health in the Caribbean region. Key informants raised another important issue, that of comorbidities. Based on their experiences, medical health professionals noted the difficulty in selecting a single disease of concern as many persons are living with multiple NCDs. They argued they are less concerned about specific NCD diagnoses, but rather the behaviors exhibited by persons and the environments within which they live, that hinder the prevention or management of NCDs. For example, one participant stated: "I'm not concerned about one NCD over another, because usually you don't have one alone. You have diabetes and more likely, not controlled is going to lead to retinopathy or poor circulation so, it progressively leads to other things." -HP1, Pharmacist
Concerns were raised about the prevalence of NCDs given their preventable nature and complications arising from NCDs. Non-communicable diseases are largely caused by four behavioral risk factors: insufficient physical activity, unhealthy diets, tobacco use and harmful alcohol use which in turn lead to metabolic risk factors such as overweight/obesity and high blood pressure [39] . Likewise, the same risk factors are important in the management of NCDs. These risk factors are can be attributed to macro-socioeconomic processes such as economic transitions, rapid urbanization, industrialization and the globalization of food markets [13, 25] . The behavioral risk factors discussed by participants were physical inactivity and unhealthy diets.
Responses from key informants demonstrated an awareness that the individual health affecting behaviors of Barbadians are influenced by external environments-social, cultural and economic-within which persons live. For instance, it was argued that the sedentary lifestyle of many Barbadians has contributed to increasing incidences of overweight/obesity in the population. One key informant described it as a growing sedentary "culture" among Barbadians, where exercise and movement are no longer a regular part of the daily of life of islanders. This is a major problem as one doctor noted that overweight or obese persons are likely to have comorbidities. Respondents linked physical inactivity among Barbadians to income and social status. For example, one health professional hypothesized that sedentary lifestyles are a symptom of the preoccupation with upward economic mobility among Barbadians. Persons who have managed to achieve a certain level of wealth or economic success can afford material possessions that discourage or distract from the incorporation of physical activity into daily lives (e.g., motor vehicles and various forms of electronics or digital technology). Furthermore, the pursuit of materials possessions-which have become an outward symbol of affluence-takes time away from activities that contribute to healthy lives. This is demonstrated in the quote below:
"We need a change in our culture. We have become too materialistic. Looking at the American culture, the BET lifestyle . . . I think we need to get back to our old ways of living, living more contented. Park the vehicle, ride more, swim more . . . We like glitz and glam. I got a better car, I got a better house than you. It's more about the perception out there." -HP1, Pharmacist
Respondents also noted that that Barbadians are increasingly turning to more "westernized" diets. This is partially a reference to the growth in the fast-food consumption in the country which participants argued Barbadians are eating because (1) of convenience, (2) it is perceived as inexpensive, (3) of taste and (4) many parents and children view these meals as "rewards" for good behavior or academic accomplishments. Further, participants noted from their interactions with person's living with NCDs, that Barbadian diets commonly consist of foods considered to be unhealthy (foods high in sugars, starches, fats or "empty calories"), again out of convenience, because of affordability. These reasons for food choices support research that determines socioeconomic status to be an important determinant of health:
"There are socioeconomic impacts with food choices as well. It's quicker, cheaper to purchase, starchy foods. Just to get by your day, essentially feed your kids foods like hot dogs, that type of thing, but ultimately, it's a huge impact on the health of the greater population." -HP10, Retired nurse
The poor management of non-communicable diseases and their risk factors by Barbadians, leads to avoidable, debilitating complications or disabilities which can affect quality of life and the ability to be productive citizens; in some cases, the outcome is death. Key informants suggested that many of these complications arise because there are people living with undiagnosed chronic diseases that have never sought screening, even though opportunities are regularly offered free of cost to Barbadians. They offered that many Barbadians fail to take advantage of screening opportunities as they experience no symptoms until their conditions, having been left untreated, progresses to a dangerous stage. For example, one respondent noted:
"Diabetes is one of the biggest silent killers in Barbados. Diabetes is also preventable through good diet and physical activity. Diabetes also has the highest disability factor from problems with microcirculation. It is the main cause of blindness, the main cause of kidney disease, the main cause of amputation." -HP7, Pan American Health Organization (PAHO) representative
Another reason for these complications is that there are many persons who are non-compliant with their medication care plans, even though the cost of medication is not prohibitive, again because they do not experience any symptoms. One doctor stated:
"I think that what makes hypertension a little more dangerous is because people don't feel hypertension so it's very easy for them to take the same free medication and just not use it. Sometimes you will forget to take it, and it's not like diabetes where you might start to feel sluggish, or you might start to feel ill because you've not taken your medication. With high blood pressure you could be going along with pre-stroke high blood pressures and not feel it, you won't get headache, you won't get any problems until it's too late." -HP4, Doctor
Interestingly, the doctors proposed that another reason for the extreme complications arising from poorly managed NCDs is a lack of confidence in health care providers. They were specifically referring to the distrust patients have for doctors as it relates to a stigma in Barbados around amputations. They observed that Barbadians diagnosed with diabetes have a fear that if they attend a doctor, their limbs will be amputated:
"That stigma has been a big problem and has also often impeded the relationship between doctors and patients because there are some patients who already come with the mindset that this person wants to take my foot . . . I'm someone who is interested in general surgery, and from what I've seen there are far too many people that end up with amputations. And it's not because they come to the hospital and we're surgeons and we're trying to cut off their foot, it's because they have come to the point where, to save their life, we have to take their foot." -HP3, Doctor
Future Burden of NCDs in Barbados
"When it comes to reducing the burden of NCDs, unfortunately very few of the Caribbean countries, Barbados included, have managed to reduce the burden of NCDs. In fact, the burden of NCDs is increasing and not decreasing . . . The burden has been increasing exponentially and the burden is now at a stage where it's crippling. If you look at Queen Elizabeth Hospital, if you look at the health centers, the majority of their patient load is for NCDs." -HP7, PAHO representative
All key informants agreed that the burden of chronic non-communicable diseases has been increasing in Barbados. Growing incidence of NCDs continues despite the varied responses, which include the establishment of a dedicated department within the government to address this problem (National Non-communicable Disease Commission); strategic health plans to direct action on NCDs, sustained education programs to disseminate information to citizens; the introduction of policies and legislations to address risk factors; inter-sectoral cooperation; multi-governmental collaborations at the regional level; and the active involvement of civil society. Key informants posited that efforts to reduce the burden of these diseases are hindered by economic, social and cultural and factors as well as individual behaviors (Table 3 ). Preoccupation with wealth and economic prosperity on the part of both individuals and businesses within the private sector conflict with good physical wellbeing. On the other hand, there are many Barbadians with limited income, which is known to be linked to poorer health. While Barbados does provide access to healthcare free of cost or heavily subsidized, participants noted the healthcare system is overburdened, due in part to the high prevalence of NCDs, and so there is concern about the capability to maintain access to these services at the level to which Barbadians have become accustomed. Already, the leadership of Barbados has proposed fiscal austerity measures which would cut some social protection programs in place. Interestingly, a number of respondents also noted that because health care is fairly accessible, there is much greater focus on the treatment of chronic diseases rather than prevention. Some participants also noted that despite educational health campaigns, there remains pervasive misconceptions about how Barbadians can improve their health, leading them to make poor lifestyle decisions. Furthermore, some participants reported that along with an increasing prevalence of NCDs, they are observing is a greater number of younger people being diagnosed with non-communicable diseases. They made these comments based on their own experiences and from discussions with colleagues who have been in the profession for a longer time. For example:
"I remember one of the discussions we had was about the kind of patient that's coming in, and we're noticing the chronic illnesses a lot earlier. So, it's not that you are seeing people that are 50 and up coming in for the first time with high blood pressure and diabetes; you see it in their 30s and 40s and sometimes even in the younger people. There's a lot, more pediatric cases of diabetes type 2. You're seeing more of the pediatric onset of what we thought was an adult illness." -HP4, Doctor
Climate Change-Non-Communicable Diseases Connections
Disparities in Knowledge of Climate Change and Health Impacts
"You know there's not really much consideration given to the effect of the climate on NCDs, not at the places I have worked." -HP4, Doctor
There was a disparity in the knowledge of climate change impacts on health possessed by the health professionals who participated in this study. The health professionals who operate at a regional level had a greater knowledge of the climate change impacts on health or were more able to postulate on the potential connections between climate stresses and non-communicable diseases. Health professionals operating at solely the community level were generally unaware of these connections ( Table 4 ). The representative from the PAHO was the most knowledgeable on the topic of climate stressors and chronic non-communicable diseases, and was able to discuss at length a range of potential climate change health impacts. Similarly, the health professional representing the civil-society health NGO, noted that while they were not overly familiar with the multitude of ways climate stresses could affect the prevalence of NCDs or the adverse experiences of people living with NCDs, this was an issue that the organization has considered for future work. This participant was still able to offer some ideas on the potential connections between climate change impacts and non-communicable diseases as is described in detail below. Participants who work with organizations that operate at the national and community level, were also less familiar with the connection between climate stresses and NCDs but were nonetheless able to offer some insight based on their expertise on NCDs and their limited knowledge of climate change. Health professionals from community level organizations were unable to offer any information on connections between climate stresses and NCDs. The participants who declined to participate in this study indicated that they were unaware of a connection between climate change and NCDs. Furthermore, responses from these health professionals about the specifics of climate change impacts in Barbados, suggest that they don't possess enough knowledge about climate change to be able to speak to any potential connections to chronic non-communicable diseases. This lack of knowledge is indicative of an overall lack of attention on climate change on the parts of the organizations where they are employed and greater lack of attention from the Barbadian health system as a whole. In fact, some of these participants indicated that this was not a topic to which they had given much, or any, thought. We cannot state that knowledge of climate change and health is correlated to the level of the organization where respondents are employed, nor do we wish to as this was not tested. However, these results do raise the possibility that the knowledge possessed by health professionals is linked to the information available to certain organizations and warrants further investigation to test this hypothesis. 
Overlap between Social Determinants of Health and Determinants of Vulnerability
"We speak of chronic disease being lifestyle driven, but if you go further upstream, they are really first driven by what we call the social determinants: where you live, where you play, whether you are empowered as a person, your stress levels and so on . . . These adverse social determinants are far more common in social class four. This is the social class more likely to get chronic diseases, and it's also the class that is most significantly impacted by hurricanes." -HP6, Head of Board of Directors of civil society health NGO
One key informant commented on the commonalities between social determinants of health that contribute to the prevalence of chronic non-communicable diseases and the factors that affect the vulnerability of populations to the impacts of climate change. These determinants included income, education, occupation, social support, exposure to environmental hazards and access to health services/resources. Similarly, these social determinants are factors that affect the exposure, sensitivity and adaptive capacity of populations to climate change. Further, inequalities in the distribution of chronic non-communicable diseases among populations are likely to mirror the vulnerable populations disproportionately impacted by climate change.
Climate Change Impacts Could Affect NCD Prevention and Management
"We're telling people to eat fresh fruits and vegetables but then how many fresh fruits and vegetables can you find on the market? And how much is available across the island or is it in specific areas? So, availability is limited, and affordability is even more limited." -HP7, PAHO representative Key informants proposed that climate stresses could hinder the prevention and management of NCDs through the pathway of modifiable behavioral risk factors like unhealthy diets and physical inactivity.
Food Security/Sustainability
Poor nutrition is one of the key risk factors to the development of NCDs, where the calories and types of food consumed greatly affect the likelihood of developing metabolic risk factors like obesity/overweight and hypertension. In this way, key informants proposed a link between the impacts of climate change on food security and the prevention of NCDs through accessibility to high quality, affordable food. The examples given by key informants were related to the agricultural and fisheries sectors in Barbados. For example, one respondent noted:
"We already have a difficulty in getting affordable fresh fruits and vegetables on the market. Now if climate change effects, or weather effects are going to continue to damage our produce, it's going to get even worse." -HP7, PAHO representative
As it relates to the fishing industry, they said:
"If we are going to have a further increase in our sea water temperatures, the whole issue of the sustainability of fishing. We saw a few years ago the whole issue of the Sargassum weed, and how that affected the whole food chain with regards to the fishing industry. Fishing has already declined as an economically viable industry in the region, so we're relying on imported products, imported frozen fish from other sides of the world with the additional processing." -HP7, PAHO representative Similarly, another respondent noted that already Barbadians perceived "healthy foods" like fruits and vegetables as expensive, which affects their food choices; opt to buy "cheaper", processed foods that have a lower nutritional value. Given these behaviors in what could be considered 'normal' conditions, key informants proposed climate change stressors like heavy rainfall, increasing sea surface temperatures and natural disasters, could affect the availability and affordability of local foods on a more frequent basis. This would likely further negatively influence the food choices available to Barbadians. This is not an unlikely scenario for Barbados; in a local newspaper in 2017, the Chief Executive Officer of the Barbados Agricultural Society noted that heavy rainfalls had impeded local farmers' ability to prepare their fields for harvest, which resulted in a shortage of local vegetables and a price hike for consumers [40] .
Another participant noted that changing environmental conditions could detract from the attractiveness of occupations like farming and fishing for income generation. This would then have a trickle-down effect on the quantity of local foods available for market and consumption. With less local foods available, Barbados will be more reliant on imported food to meet the needs of citizens.
"People are staying away from the outdoors in terms of farming and doing stuff that could probably produce foods that would be more, what we would call healthy to use." -HP8, Nutritionist
Physical Inactivity
Some key informants proposed that changes in climate or changes to the built environment related to climate could influence Barbadian attitudes toward physical activity. The climatic changes to which key informants were referring were increases in ambient temperatures (hotter days), unpredictable weather patterns (heavy rainfall) and damage to the built environment from extreme weather events. For example, one participant stated:
"We don't have a lot of active lifestyles because everyone wants to be in their car with the AC on, because they say it's hot." -HP8, Nutritionist
Another participant discussed the challenges of cultivating routines that incorporate physical activity into people's daily lives because of the unpredictability of the weather or disruptions to the built environment that hinder physical activities. The cumulative effect of these environmental conditions is increasingly negative attitudes towards physically active lifestyles, adding to the growing sedentary culture of Barbados. This is demonstrated in the following quote:
"We had practically a whole month where it rained every day. Totally unusual for Barbados. You couldn't tell your children to walk to school because you didn't know if in the afternoon it will rain. I mean yesterday, case in point. It was a beautiful day in the beginning of the day. Hot, nice, sunny. By lunch time, torrential rain till the night." -HP7, PAHO representative
Vulnerable Populations
As it relates to the management and treatment of chronic diseases, two key informants noted that people living with chronic non-communicable diseases constitute a vulnerable population to climate change. This vulnerability is due to the additional exposures and sensitivities this population face related to their need for access to regular, on-going health services and resources. This access may be disrupted during and after the passage of extreme weather events. For instance, one health professional said:
"We already don't have enough dialysis facilities for the public to accommodate the number of persons that are going into kidney failure. Imagine, if we do have a natural disaster that affects these facilities, those people honestly and unfortunately they will probably die." -HP5, Doctor
Similarly, another noted:
"One of the consequences of weather events is people being cut off. People might have a week's supply of medication and if the communication and the connectivity with the town or with the nearest health center is not there, how do they get access to their medications?" -HP7, PAHO representative
Physiological and Psychosocial Impacts of Climate Change
Other climate change-NCD connections discussed by respondents were direct physiological effects of climatic stressors. These were the potential for heat strokes brought on by heat waves, poor quality air from increased vehicular use and the impacts on chronic lung diseases as reflected in the quotes below:
"There is the increased use of vehicles which then impacts physical activity, and there are also the carbon emissions from these vehicles that also has an impact then on the chronic lung diseases." -HP6, Head of Board of Directors of civil society health NGO Finally, two key informants expressed concern that climate change impacts would affect the psychosocial wellbeing of Barbadians. They posited that this could be related to social effects of food insecurity and water insecurity, and the immediate and long-term effects of (repeated) exposure to extreme weather events. This is demonstrated in the quotes below:
"The stress of having a weather event. Think about how that affects your blood pressure and how that affects your blood glucose and how that affects all your complications arising from the NCD which you are living with." -HP7, PAHO representative
Discussion
This study adds to a small body of knowledge on the effects of climate change on health in the Caribbean, and to the limited pool of research on the NCD prevention and climate change. Previous studies have been successful in directing attention to issue of the relationship between NCDs and climate change, however, the application of findings from those studies to local health interventions is limited by the broad scope of the research. Theory-driven empirical research has demonstrated how local health outcomes are produced within inter-connected social, cultural, political and economic landscapes that differ from place to place. On the other hand, given the case study approach utilized in this research, though the data is richer, it is also highly contextual and therefore may not reflect the full complexities of the effects of climate change on NCDs in other locations. This does not discount the utility of this study as there are lessons that can be applied to places with similar contexts. For instance, small island states around the world have been recognized to share similar physical characteristics, developmental challenges and likely similar vulnerabilities to climate change [41] . A nuanced understanding of the situation in Barbados is beneficial as a starting point for countries or communities assessing their own vulnerabilities to climate change in order to implement health interventions or climate change policies to mitigate the impacts of climate change. Even more useful are lessons from the research design and the methodology implemented to collect data.
The Vulnerability and Adaption assessment guidelines from the WHO provide one mechanism for assessing health impacts of climate change at the national or subnational level [38] . The methodology is adaptable based on the needs of users. Usually, these assessments would be implemented through a ministerial body such as a Ministry of Health or team responsible for climate change planning within the government. In such cases, access to funding, human capital to carry out the assessment and expert knowledge from stakeholders would be more widely available, allowing for greater scope. This study was not intended to be a full assessment. Even still, the WHO assessment guidelines were useful in guiding methodology with regard to the selection of the geographic region, health outcomes of interest, participant selection, data collection methods and tools. While the application of VA assessment guidelines in this study is not its first use in the Caribbean [42] , it is the first to focus on non-communicable diseases, providing support for the utility of the guidelines to research a variety of health outcomes. A limitation of this study is the involvement of only health professionals to understand the current and future vulnerabilities to climate change. These professionals were selected for the insight they could provide on the state of knowledge of climate change within the local health sector, and the priorities on local health agendas. However, there are other stakeholders who could provide insights to this issue. Future studies could explore attitudes and perspectives of average citizens as they are the ones that will be directly impacted by climate change or involve stakeholders from outside the health sector.
Health professionals believe the burden of chronic diseases in Barbados will continue to grow to the detriment of individuals and the wider society. They base this on the current prevalence of chronic diseases in Barbados, the attitudes and behaviors of persons living with NCDs, the lifestyles of Barbadians, and the environments within which the live. Respondents drew attention to the effect of economic, social, and cultural factors on the health outcomes of Barbadians. Major findings from a national survey on NCDs and their risk factors, outlines the extent of the NCD crisis in Barbados and lends support to position of health professionals. Two in three adults are overweight; one in three are hypertensive; one in five have diabetes and at least one in three of persons receiving treatment for hypertension or diabetes had sub-optimal control of their disease [43] . This is compared to infectious diseases and malnutrition which have been on the decline due to successful interventions and improved social conditions [29] . Even with a policy landscape that should be supportive of healthier day-to-day choices from the Barbadian population, the NCD crisis continues.
To reduce mortality from NCDs in Barbados by 25% by 2025-one of the targets set by the United Nations [44]-greater efforts are needed given the lack of success thus far, despite the widespread attention this issue has attracted. The social, cultural and economic landscape in Barbados continues to foster an environment where the incidence and prevalence of NCDs increases unabated. This should be even more concerning to public health leaders and decision makes, given the rising threat of climate change which will likely amplify the future burden of NCDs, through some of these existing factors.
It is troubling that plans to tackle the NCD crisis in Barbados and improve health outcomes have been discussed under the assumption of a stable climate. This is evidenced by the lack of concern from health professionals that participated in this study about the future burden of NCDs in the context of a changing climate as. This is largely because of inadequate knowledge about climate change among the majority of the health experts interviewed. Those knowledgeable about potential connections, noted the difficulty that climate change would pose to the prevention and management of NCDs, given the impacts of climate stressors to food security, the built environment, as well as the physiological and psychosocial impacts. Health systems cannot effectively plan interventions for NCDs without considering future climate stressors and the effect they will have on the strategies to prevent and manage these diseases. For instance, interventions designed to encourage more outdoor physical activity by improving the walkability of a neighborhood, that neglect to consider climate stressors like increased temperatures or more regular heavy rainfall events, are destined to fail. For such an intervention to be successful, it needs to consider the impacts that climate change will have on the built environment and the attitudes or behaviors of the people for whom the interventions have been designed. Another example would be the introduction of educational campaigns that promote the benefits of certain types of food, without thinking about how climatic conditions would affect accessibility to those foods. It may necessitate the involvement of government and political leadership to make those foods more accessible through welfare programs, subsidies or other market-control measures that ensure access to all members of society, irrespective of their socio-economic status.
Lack of awareness of climate change from health professionals interviewed is symptomatic of the low priority ascribed to climate change on the national health agenda. Even more telling, is that the health professionals most knowledgably about the relationship between NCDs and climate change, are those who work with regionally operating agencies. This is suggestive of a top-down flow of information, with a clear influence of international/regional bodies like the World Health Organization and the Pan-American Health Organization. This hints at the importance of international agendas in shaping local health priorities and agenda setting. Yet, it seems that the knowledge and awareness of the climate risks to NCDs within these regional/international bodies has not reached the magnitude needed to influence policy development at the national level. However, the flow of information and influence on agenda setting does not need to unidirectional from the top-down, as has been demonstrated by a display of Caribbean leadership in setting a global NCD agenda. A meeting of CARICOM Heads of States to discuss the challenge of NCDs in their countries and their commitment to action in the form of the Port-of-Spain Declaration, was the first high level meeting of its kind in the world [45] . Furthermore, leaders from the Caribbean played a big role in advocating for the United Nation High Level Meeting on NCDs from which the United Nation Political Declaration on NCD prevention and control emerged [45] . Since then, there have been other global efforts to motivate and help countries to prevent and control NCDs such as the WHO Global Action Plan for NCD prevention [44] and the 2030 Agenda for Sustainable Development Goals [46] . Currently, there is inadequate availability of climate change information to local stakeholders to motivate political leadership to advance a policy response to climate change risks to health. This is an opportunity for research to fill these gaps in knowledge through the involvement of a variety of key stakeholders in collaboration with academic institutions. Giving stakeholders the opportunity to participate in the knowledge creation process, could encourage them to take ownership of that knowledge and use it to advance goals that protect and improve the health and wellbeing of citizens. These stakeholders, equipped with enough information, could be influential in driving national, regional and global policy momentum from the bottom-up. The stakeholder involved should represent a multisectoral approach to addressing this issue, given the study's findings that climate change stressors will intersect with NCDs in various ways that would require the involvement of sectors beyond health. This might include the representatives from the fisheries and agricultures sector, health sector, private sector, disaster management agencies, town and country planners, school boards, sports organizations, faith-based organizations, community groups, parents, teachers and members of the general public who stand to be directly impacted.
Conclusions
This study found that health professionals have deemed non-communicable diseases to be a major health problem in Barbados, currently and into the future. Comparatively, only health professionals working with institutions that operate at the regional level displayed awareness of the risk climate change poses to NCD prevalence and outcomes. There is a need for the dissemination of information on the health risks of climate change to stakeholders in the health sector so as to increase the attention given to climate change, strengthen advocacy for climate change adaptation planning within health systems and encourage political leadership in Barbados to give priority to climate change adaptation planning on development agendas. Furthermore, given the connections between NCDs and climate change identified in this study, we reiterate the need for a multisectoral response to the dual burden of NCDs and climate change, recognizing that health and wellbeing are affected by factors that exist beyond the boundaries of solely the health sector.
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Sample Interview Questions from semi-structured Interview Guide with Key informants/experts.
Purpose: To gather insight from key health stakeholders about their perceptions and experiences with NCDs (current and future concerns); To provide an insight into the awareness and consideration of linkages between climate change and NCDs
Construct Primary Question Secondary Question/Probe
Context 
General/Concluding thoughts
Is there anything else you would like to add that we have not already discussed? Is there anyone else you think we should talk to NCDs or climate change and health?
